In this paper, we present a new approximate solutions of famous coupled Ramani Equation. In order to obtain the solution, we use the semi-analytical methods differential transform method (DTM) and reduced form of DTM called reduced differential transform method (RDTM). We compare the RDTM solutions with exact solution and DTM. Numerical results show clearly that DTM and RDTM are very effective and also provide very accurate solutions. Also, one can conclude that RDTM is used easier than DTM and converges faster than the DTM for these kind of problems.
Introduction
Partial differential equations are the fundamental of applied mathematics and they are frequently used in physic, engineering, chemistry and etc. In real life, many events can be modeled by a nonlinear partial differential equation such as evolution equations. Particularly in nonlinear sciences, one of the important and outstanding evolution equation is the famous coupled Ramani Equation that is presented as follow [1] , [2] , [3] , [4] .
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In literature, a great number of researchers have studied the system (1) to obtain exact and approximate solutions.
Ablowitz and Clarkson [5] , Ito [6] , Zhang [7] , Feng [8] , Malfiet and Hereman [9] have investigated the solitons and inverse scattering, extensions, exact traveling wave solutions and traveling solitary wave solutions of nonlinear evolution equations respectively. Li has presented exact traveling wave solutions of six order Ramani and a coupled Ramani equation in [10] . In [11] , Nadjafikhah and Shirvani-Sh have found Lie symmetries and conservation laws of 
where a 0 , α and β are arbitrary constants.
Recently, Wazwaz and Triki [13] , Wazwaz [14] , Jafarian et all [15] and Wazwaz [16] have presented the multiple soliton solutions and approximate solution of eq. (1) respectively.
The main goal of this study is to obtain accurate, convergent and efficient approximate solution of coupled Ramani equation (1) by using differential transform (DTM) and reduced differential transform (RDTM) methods. For the purpose of efficiency and accuracy, our results are compared with exact solutions (2) and (3). Numerical considerations are revealed that RDTM is very effective and more convergent than DTM. In addition, RDTM can be applied easier than DTM and ensures very accurate solutions as shown in Table ( 3)- (8) and Fig. (1) - (4) . Moreover, RDTM is also faster than DTM in point of CPU times of computational process as seen in Table (9). 2 Basic properties of two dimensional reduced differential transform method (RDTM) and differential transform method (DTM)
Two dimensional DTM
Differential transform method (DTM) is a numerical method based on Taylor expansion. This method is related to find coefficients of series expansion of unknown function term by term. The concept of DTM was first proposed by Zhou [17] .
By, considering the literature [17] - [26] , we give the following definition of two dimensional DTM;
Definition 1. Let u(x,t) be an analytic differentiable function, then two dimensional transform is follow
U(k, h) = 1 k!h! ∂ k+h ∂ x k ∂t h u(x,t) x=x 0 ,t=t 0 (4)
where U(k, h) is the transformed function of u(x,t). The transformation is called T-function. Hence, the differential inverse
From the eqs. (4) and (5), it can be written
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In terms of applicability, we rearrange the eq. (6) as follow
where (x 0 ,t 0 ) are taken as (0, 0) and
Here, R nm (x,t) is negligibly small terms. Some of the transform form of functions are given as Table 1 and their proofs can be found in [17] - [20] . 
Original functions
Transformed forms
Two dimensional RDTM
Reduced differential transform method (RDTM) which has an alternative approach of problems is presented to overcome the demerit complex calculation, discretization, linearization or perturbations of well-known numerical and analytical methods such as Adomian decomposition, Differential transform, Homotopy perturbation and Variational iteration.
RDTM was first introduced by Keskin and Oturanc [28] - [31] . The main advantage of RDTM is providing an analytic approximation, in many cases exact solutions, in rapidly convergent sequence with elegantly computed terms [26] - [39] .
And also, unlike the DTM, RDTM is based on the Poisson series coefficients expansion. By using the literature [26] - [39] , we present the RDTM as follow.
Definition 2. Let u(x,t) be an analytic differentiable function and assumed that it can be demonstrated as a product of two functions which are single variable u(x,t) = h(x)g(t). By making use of differential transform properties, u(x,t) can
be written as
Here U k (x) is called t dimensional spectrum function of u(x,t). If function u(x,t) is analytic and differentiated continuously with respect to time t and space x in the domain of interest, than
Combining (8)- (10), we can write
In real applications, we use the finite series form of (11), therefore we rewrite the solution as
where n is order of approximation. Hence, the RDTM solution is given by
here n is taken as sufficiently big to get convergent solution. In Table 2 , transformed form of mathematical operation of some functions are given and their proofs are shown in ref. [28] , [29] . Table 2 : Some two dimensional RDTM operations with transformed forms.
Original functions Transformed forms
u(x,t) = v(x,t) ± w(x,t) U k (x) = V k (x) ± W k (x) u(x,t) = λ v(x,t) U k (x) = λV k (x) u(x,t) = ∂ ∂ x v(x,t) U k (x) = ∂ ∂ x V k (x) u(x,t) = ∂ r ∂t r v(x,t) U k (x) = (k+r)! k! V k+r (x) u(x,t) = v(x,t)w(x,t) U k (x) = ∑ k r=0 V r (x)W k−r (x) = ∑ k r=0 W r (x)V k−r (x) u(x,t) = v(x,t)w(x,t)q(x,t) U k (x) = ∑ k r=0 ∑ k−r p=0 V r (x)W p (x)Q k−r−p (x) u(x,t) = x m t n U k (x) = x m δ (k − n), δ (k − n) = x m k = n 0 otherwise
Solution procedures of Ramani equation by DTM and RDTM

DTM methodology
Let's consider the coupled Ramani equation (1) with two different initial conditions as [4] , [10] , [12] - [16] ,
v(
, which are called T-function, denote the transformation of the functions u(x,t), v(x,t) in eq. (1) respectively. Then from Table ( 1) and eqs. (4) to (7), we obtain the transformed form of eq. (1) as below
and for initial conditions (14), (15), we obtain as
We put firstly (18) into (16)- (17) and using the DTM, we get the three terms approximate traveling DTM solution of and secondly put (19) into (16)- (17), we obtain the other traveling DTM solution of eq. (1) as following Hence, it is clearly seen in Table ( 3) to (8) that solutions (20) and (21) provide the good accuracy with compared exact solutions [12] . (1) with compared exact solution (2) at t = 20 and a 0 = 1, α = β = 0.01. 
RDTM methodology
As the same manner, again we consider the eq. (1) with initial conditions (14)- (15) to obtain the RDTM solutions. U k (x), V k (x), which are called t dimensional spectrum functions, denote the transformation of the functions u(x,t), v(x,t in eq.
(1) respectively. Then from Table 2 and eqs. (8) to (13), we obtain the transformed form of eq. (1) as below
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Conclusion
In this paper, we consider the very famous physical problems coupled Ramani equation (1) to find two approximate traveling wave solutions by using DTM and RDTM. Moreover, we perfectly obtain approximate solutions of (1) compatible with exact solutions in [12] . In order to test efficiency, convergence and accuracy of DTM and RDTM, we perform the numerical values a 0 = 1, α = 0.01, β = 0.01 and a 0 = Table 3 [12] and seven step RDTM, DTM solutions are presented in Fig. (1) to (4) . Furthermore, the CPU times of DTM and RDTM process are compared in Table 9 . Results show that DTM and RDTM are efficient and powerful technique, but RDTM is more easier, fast and better than DTM. 
